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I r t r o d v o t i or. 
Oheraical A n a l y s i s oomprises two branohes, namely, qx-all-
t a t i v e a n a l y s i s and q u a n t i t a t i v e a n a l y s i s , the object of the 
former being to a s c e r t a i n the n a t r r e , that of the l a t t e r to 
determine the amount of the s e v e r a l oonipor.ent p a r t s of ar.y 
compo-nnd. 
I n q u a n t i t a t i v e a n a l y s i s the object i s a t t a i n e d according 
to circumstances, often by very d i f f e r e n t ways; the two 
methods most widely d i f f e r i n g from each other are a n a l y s i s by 
weight, or gr a v i m e t r i c a n a l y s i s , ar.d a n a l y s i s by measure, or 
v o l r m e t r i c a n a l y s i s . 
Therefore, by way of d e f i n i t i o n , gravimetric a n a l y s i s i s 
that d i v i s i o n of q u a n t i t a t i v e a n a l y s i s whioh has f o r i t s 
object the oor.vers-ior. of the kr.oivr. oonstitT-tents of a srb-
Star.oe into forms or combinations which w i l l admit of the 
most exact determination of t h e i r weight, and of which, more-
over, the composition i s aocnrately known. 
General D i r e c t i o n s . 
Nothing l e s s than absolute i n t e g r i t y , extreme accuracy ar.d 
esrtrpnlOT-'S c l e a n l i n e s s car be demanded of ar.y ohemist who 
wishes to be s n c c e s s f r l ir. h i s ar.alyses. The c o r r t l e s e pos-
e i b i l i t i s s of e r r o r throrgh l o s s of m a t e r i a l s or i r t r o d r c t i o r 
of f o r e i g r matter require c a r e f r l raarlprlatior. a t a l l times 
ir. order that a r e l i a b i l i t y of a working accuracy may be es-
t a b l i s h e d . 
(5) 
Evaporation of I i i q r i d s . 
One phase of the work which c a l l s f o r s k i l l f i i l operation 
on the part of the a n a l y s t i s the evaportaior. of l i q u i d s . 
Too great oare cannot be taken to avoid the l o s s of s o l u -
t i o n s drrir.g the processes of evaporation, e i t h e r from too 
v i o l e n t e b r l l i t i o n , from evaporation to dryness ar.d s p a t t e r -
ing or from evol-ntion of gas d r r l n g the heating. Steam baths 
are generally rsed r n l e s s the circrrcstances warrant other 
methods. ly, a l l cases i t i s q r i t e advisable to cover the dish 
with a watehglass to prevent contamination from d r s t . 
L i q u i d s c o n t a i n i n g suspended m a t t e r ( p r e c i p i t a t e s ) s h o r l d 
always be c o r t i o T ' S l y heated to e l i m i n a t e t h e p o s s i b i l i t y o f 
b r e a k i n g t h e ap p a r a t u s as i s f r e q u e n t l y oansed by t h e oooesion-
a l v i o l e n t "brmping" of the l i q r i d . 
The t r a n s f e r of l i q u i d s from one beaker to another shorld 
always be aided by the nse gf a s t i r r i n g rod held f i r m l y 
against the side or l i p of the v e s s e l so that the l i q t i i d may 
r r n down the rod into the r e c e i v i n g beaker with a minimum 
amorr.t of splashing. Mnder a l l conditions the t r a n s f e r should 
be made i n t o p e r f e c t l y clean glassware to avoid contamination. 
Also each d e l i v e r i n g v e s s e l shorld be thoroughly washed to i n -
sure complete t r a n s f e r of i t s contents. 
Reagents. 
The t e s t i n g ar.d vse of reagents i s al s o an important, feature 
of the a n a l y s t ' s work. Oalciaatior. of amomts of reagents 
reeded f o r ar operation shorld he made whenever po s s i b l e in... 
order that large eweesses Whioh are f r e q r e r . t l y detrimental 
may be avoided. 
A l l reagents, even d i s t i l l e d water, shorld be o a r e f r l l y 
t e s t e d as a preoartlonary measrre against i n f e r i o r chemlosls. 
The r e s p o n s i b i l i t y of the p r r l t y of the reagents therefore 
l i e s s o l e l y with the i n d i v i d u a l ar.d oonseqrently gives the 
i n d i v i d u a l a greater oorfideroe ir. the acarraoy of h i s work. 
O a r e f r l l a b e l i n g of reager.t b o t t l e s i s on indispensable a i d 
in the economy of time and a d i s t i n c t l y v i s i b l e system i s to be 
reconmer.ded ir. a l l cases. 
P r e c i p i t a t i o n . 
S r o o e s s f r l p r e c i p i t a t i o n mrst inv o l v e conditions which i n -
s r r e the nearest approximation to i n s o l r b i l i t y of the p r e c i p i -
t ated m a t e r i a l , ar.d the p r e o i p i t a t e mrst also be in the form 
favorable for f i l t r a t i o n ar.d washing. In: a l l p r e c i p i t a t i o n the 
reagent shorld be added sl o w l y , with constant s t i r r i r . g , ar.d 
shorld be hot when, circrmstances permit. This slow addition 
i s l e s s l i k e l y to occasion, contamination of the p r e o i p i t a t e by 
the i r . c l o s r r e of other srbstar.ces which may be in s o l r t l o r . , or 
or the reager.t i t s e l f . . 
For the complete removal of the p r e c i p i t a t e from the containing 
v e s s e l i t i s often necessary to employ a "policeman" vhich con-
s i s t s of a g l a s s s t i r r i r . g rod covered at one end with a piece of 
of t i g h t l y f i t t i n g rrbber. The f l e x i b i l i t y of the rrbbor permits 
the removing of the mir.rte p a r t i o l e s of p r e o i p i t a t e w i t h o r t 
soratohlr.g the beaker. 
F i l t r a t i o n and the T e s t i n g of F i l t r a t e s and Tashings. 
"V/ashed" f i l t e r s and d i s t i l l e d water are q r i t e e s s e n t i a l 
to acorrate ar.alyses. The "washed" f i l t e r i s one whioh i s 
t r e a t e d with hydroohlorio !3nd hydroflT'orio acids and y i e l d s 
a d e f i n i t e l y known weight of ash vpon i n c i n e r a t i o n . The valve 
of aroh prepared papers i s r e a d i l y recognizable ar.d the f i l t e r 
ash becomes a r n i v e r s a l f i g u r e , generally 0.0024 grams for a 
9 centimeter f i l t e r 
Funnels of s i x t y degree angle give the most e f i i c i e n t r e s r l t s 
ir. f i l t e r i r . g when the paper i s folded to e x a c t l y f i t ir. the 
angle. To be most s n c c e s s f t l the f i l t e r should allow the water 
to pass down the short stem of the funnel ir. an ever, stream, 
otherwise i t prodrces an mr.ecessary annoyance. Frder c e r t a i n 
circtmstances where the f i l t e r pimnp i s r s e d to increase the 
speed of f i l t r a t i o n i t becomes necessary to snp^ort the apex 
of the f i l t e r with e i t h e r a perforated cone of p l a t i n r m or 
parchment. In some s p e c i a l cases a Gooch f i l t e r i s required. 
This i s e s s n e t i a l l y a perforated p l a t i n r m c r r o i b l e containing 
a mat of asbestos f i b e r s f i t t e d s n r g l y ir. a p o r c e l a i n f m n e l 
with the a i d of a rrbber s t r i p whioh makes i t a i r t i g h t . The 
f m n e l vrher. attached to a strong s r c t l o n pmp becomes an i n d i s -
pensable piece of apparatus f o r r a p i d f i l t r a t i o n . 
The f i l t r a t e shorld be. allowed to r r r . down the side of the 
r e c e i v i n g bearer instead of dropping, which often oarses l o s s 
of l i q r i d s . G a r e f r l examination of th© f i l t r a t e i s a p r e c a r t i o n -
ary measrre against a f i n e l y divided p r e o i p i t a t e which sometimes 
Gomes throrgh w i t h the f i l t r a t e . R e f i l t e r i r . g , or the addition 
of another f i l t e r paper i s the remedy recommended. 
The process of washing p r e c i p i t a t e s by decantatior. i s i n -
deed a time saving f e a t r r e c o n s i s t i n g of porring over the 
p r e c i p i t a t e s while s t i l l i n the o r i g i n a l v e s s e l considerable 
q r a n t i t i e s of wash water and. allowing them to s e t u l e . The stiper-
natant, c l e a r wash water i s then decanted throrgh the f i l t e r 
v/ithort d i s t r r b i n g the p r e c i p i t a t e ar.d a new portion of water 
i s added ar.d the process repeated t r . t i l i t i s d e s i r e d to t r a n s -
f e r the e n t i r e contents of the v e s s e l to the f i l t e r f o r the 
f i n a l washing, 
Gelatir.ors p r e c i p i t a t e s shorld never be allowed to dry be-
fore complete removal or foreigr, matter has beer, e f f e c t e d . Other-
wise they are l i k e l y to shrir.k ar.d crack and the f r r t h e r addition 
of wash water world pass throrgh these channels only. 
Solrtior.s ir. general shorld be f i l t e r e d wh'le hot as f a r as 
p o s s i b l e since the motion of the l i q r i d thro-'wgh the pores of the 
f i l t e r i s retarded by f r i c t i o n and t h i s f o r water at iOO° 3. i s 
o 
l e s s thar. one-sixth of the r e s i s t a n c e at 0 3. 
The t e s t i n g of a l l f i l t r a t e s ar.d wash waters l i e s at the 
forr.datior. of a l l a o c r r a t e work. Every o r i g i n a l f i l t r a t e must 
be t e s t e d to prove complete p r e c i p i t a t i o n of the conffipotind to 
be separated ar.d the wash water mrst be tested f o r the presence 
of the f i l t r a t e s t i l l on the f i l t e r . Since conditions of f i l -
t r a t i o n vary so widely i t i s a b s o l u t e l y r s e l e s s to t r r s t one's 
jrdgnert with regard to the ^"ashing of the p r e c ' p i t a t e s , the 
washing shorld i n v a r i a b l y be t e s t e d . 
I g n i t i o n of P r e c i p i t a t e s . 
With proper preca-ntions a l a r g e rrmber of p r e c i p i t a t e s may 
be i g n i t e d w i t h o r t p r e v i o r s drying, b r t i f srch p r e c i p i t a t e s 
can be dried w i t h o r t l o s s of tirue to the a n a l y s t (as e.g. over 
night) i t i s w e l l to srbrait them to t h i s process. Hov/ever, i t 
shorld be remembered that a p a r t i a l l y d r i e d p r e c i p i t a t e r e q u i r e s 
more s k i l l i n handling drrir.g i g n i t i o n than a thororghly moist 
one. 
Ir. drying a p r e o i p i t a t e the f i l t e r shorld be folded over i t 
completely and t h e e n t i r e mass placed w e l l at the base of the 
c r u c i b l e wfeich s h o r ld then be placed so f a r abo""-© the lamp that 
no v i o l e n t escape of steam i s p o s s i b l e . A f t e r the f i l t e r ar.d 
contents have dried the c r r o i b l e s h c T d be placed or, i t s side 
withort a cover ar.d the heat gently increased m t i l the f i l t e r 
chars, b r t never above that point r r . t i ; ! the v o l a t i l e organic 
matter of the paper has been expelled by dry d i s t i l l a t i o n . The 
flame drrir.g t h i s p r e l i m i n a r y heating dhorld be placed near the 
raobth of the c r r o i b l e , b r t i n a l l srbafeqrer.t heatings the flame 
shorld be d i r e c t e d w e l l to the base of the c r r o i b l e to allow 
ready access of oxyger. ar.d to avoid the entrance of Tinbrrr.ed 
gas whioh world act as a r e d r c i n g agent. V/her. the f i l t e r has 
charred the h ;at shorld be i n t e n s i f i e d to reddr.ess m t i l i g n i -
t i o n i s complete as noticed by i h e presence of a f i n e l y divided 
ash. The b l a s t lamp shorld not be r s e d f o r heating m.lees s p e c i a l l y 
i n d i c a t e d . 
(JO) 
The r s e and oare of the Balar.ees. 
Owing to i t s extreme delioaoy the chemical balance r e q u i r e s 
most o a r e f r l maniptilation and extreme care i n order that i t 
may render the r l t i m a t e acorraoy for whioh i t was designed. 
The r s e f r l n e s s of the ir.strrfcent depends rpon two exoeedingly 
important points; f i r s t , i t s acorraoy and sedond, i t s e n s i b i l i t y 
or d e l i c a c y . 
F i r s t : - The instrrment's acorraoy depends rpon the follo w -
ing conditions;-
( a ) The f r l c r r r a , or the point or. which the beam r e s t s , 
mrst l i e above the centre of g r a v i t y of the balance. 
(b) The points of srsper.sion of the s c a l e s mrst be on 
ar. exact l e v e l with the f r l c r r r a . 
( c ) The beam mrst be s r f f i c i e n t l y r i g i d to bear v/it'-ort 
bending the greatest v/eight that the co n s t r r c t i o r . of the 
balance admits, of. 
(d) The arras of the balance mrst be of eqral length. 
Second:- The s e n s i b i l i t y of the chemical balance i s deter-
mined p r i n c i p a l l y by the three follov/ing conditions: 
(a) The f r i o t i o r . of the edges rpon t h e i r stipports mrst 
be as s l i g h t as p o s s i b l e . 
. (b) The centre of g r a v i t y mrst be as near as p o s s i b l e 
to the .ftilcrrm. 
*''her. considering the oare ir. the r s e of the balances the neces-
s i t y of a sense of i n d i v i d r a l r e s p o n s i b i l i t y i s corpled with a few 
hard ar.d f a s t r r l e s to be r r . i v e r a a l l y observed:-
( o) The beam mrst be as l i g h t as p o s s i b l e . 
( a ) The halaroe pars s h o r l d be brrshed o f f ar.d the adjrstmert 
of the b a l a r c e t e s t e d before r s e . 
(b) The beam shorl d never be set i n motion by lowering 
i t f o r c i b l y , nor by torching the pans, b r t r a t h e r by means of 
the r i d e r , and the awing shor l d only be a r r e s t e d a f t e r the needle 
passes the zero or. the s c a l e , otherwise the 'T.ife edges beeome 
d r l l and the balance i n e f f i c i e n t . 
( c) I n t e s t i n g the weight of a body the weights sho^T.d be 
applied i n the order they o c c r r i n the box and not haphazardly. 
•A check on y o r r record, as noted ny the missing weights in ym-'r 
box, i s made by noting the sfm of the weights taken from the par. 
a f t e r the weighing i n complete. 
(d) The balance case shorld always be closed drrir.g the 
f i n a l weighing, when the r i d e r i s r s e d , to protect the pans 
from the ir.flrer.oe of a i r c r r r e n t s . 
(e) l»o chemical srbstar.ce s h o r l d ever be pl a c e d i r e c t l y 
on the balance pan. Every srbstar.ce weighed .shorld be dry and 
cold as v;arra srbstances OGoa.^:-ion a i r c r r r e n t s whioh prevent 
acorrate r e s r l t s . 
( f ) Prompt a t t e n t i o n to my derangment or i n e f f i c i e n c y of 
the balance i s a b s o l r t e l y e s s e n t i a l to the aversion of s e r i o i i s 
damage. 
Therefore, with dre respect to s^.ll other manlprlatlon of a n a l -
y s i s an rr.derstar.ding >nowlege of the care and r s e of the balances 
i s to be regarded as of ori:'® importance to the a n a l y s t •••'Sing 
g r a v i m e t r i c methods. 
02) 
I l l , T y p i c a l Gravimetric E r a l y s l s . 
d o t e : - Althorgh s e v e r a l a d d i t i o r a l ar.aylses were 
performed ir. the la b o r a t o r y the f o l l o w i r g ores have beer, r e -
Owirg the the presence of i.mptiritiee which are so freqrer.tly 
f omd i n ooramereial sodirm c h l o r i d e i t was necessary to prepare 
the prre s a l t by the f o l l o w i n g procedrre;-
Abort f i f t y graras of a sample of table s a l t were weighed o r t 
rorghly on the balances, t r a n s f e r e d to a beaker and covered with 
approximately 120 cc. of d i s t i l l e d water ar.d s t i r r e d r r . t i l the 
water vras s a t r r a t e d and f i l t e r e d , Gonoer.trated hydrochloric a c i d 
(sp. gr. 1.20) was then added to the f i l t r a t e r r . t i l the ch l o r i d e 
j r s t began to separate when gaseors hydrochloric acid was passed 
ir.to the a o l r t i b n from a f l a s k containing sodirm c h l o r i d e acted 
rpon by sn'lphrrio a c i d . This gas was ^^ashed b-^'fore going into the 
s o l r t i o n by means of i t passage throrgh a concentrated aqreo-'-'S 
Eol r t i o r . of hydrochloric a c i d . A two inch i n v e r t e d f m n e l served 
as a. d e l i v e r y trbe i n order to prevent the cloggiijg of the s a l t 
at the termination of the ttbe. V/her. the separation of the s a l t 
had apparently ceased i t was removed by f i l t r a t i o n rpon a paper 
disk which v;as drained by s r e t i o n . l i f t e r the drainage had beer, 
completed the s a l t .aas washed with 25 cc, of hydrochloric a c i d 
(sp. gr. 1.12) s r o c e s s i v e small p o r t i o n s , allowing the pre-
c i p i t a t e to drain completely a f t e r each addition. F i n a l l y the 
s a l t was washed with 5 cc, of water and t h i s wfish water tested f o r 
s r l p h a t e s . The p r e o i p i t a t e ther. being t r a n s f e r e d to a por c e l a i n 
garded as t y p i c a l by the a r t h o r ) 
Determination of Ghlorine in Sodirm Ghloride. 
J 
dish ar.d heated r n t i l the d e c r e p i t a t i o n ceases and cooled ir. a 
desic c a t o r a f t e r which i t was placed ir. a weighiEg b o t t l e and 
t i g h t l y stoppered r r . t i l ready for a n a l y s i s . 
A n a l y s i s Procedrre. 
»»it'n the l e a s t p o s s i b l e arao^-nt of handling, the weighing 
b o t t l e containing the s o d i r a c n l o r i d e was cleaned o a r e f r l l y 
and weighed a c o r r a t e l y . Abort three graras of the contents of the 
b o t t l e were c a r t i o r s l y dropped ir.to a 300 cc. beaker and the exact 
weight determined by the d i f f e r e n c e of the weights of the weighing 
b o t t l e . A second portion was s i m i l a r l y weighed ir.to another 
beaker and the corresponding weights of the s a j i p l i s recorded i n 
the notebook. Each portion w--g dissolved i n 1-50 oo. of d i s t i l l e d 
water and abort ten drops of nitreic acid (sp. gr. 1.20) were added 
ar.d ther. to t h i s m l x t r r e was slowly added abort 5 cc. in eycess 
of the amo-'-'nt of s i l v e r n i t r a t e needed to e f f e c t complete pre-
cip a t i o n with constant s t i r r i n g . - Heat v/as applied to b o i l i n g , 
v/ith occasional s t i r r i r . g and oor.tir.red r r . t i l the p r e c i p i t a t e 
s e t t l e d promptly l e a v i n g a c l e a r , srpernatant l i q r i d above. To 
the c l e a r l i q r i d was added a few drops of s i l v e r n i t r a t e to make 
c e r t a i n that the reagent ?;as ir. excess ar.d the l i q r i d was ther. 
porred throrgh a f i l t e r , a l l o w i n g as mrch of the s a l t as p o s s i b l e 
to remai: r. i n the beaker. The f i l t r a t e s , a f t e r being o a r e f r l l y 
t e s t e d , were replaced by clear, beakers and the p r e c i p i t a t e s washed 
three or f o r r times by decantatior. and f i n a l l y washed rpon the 
f i l t e r by means of a f i n e stream from the wash b o t t l e r n t i l 3 cc. 
of the washings gave no c l o r d i n e s s rpon the addition of a drop 
of hydrochloric a c i d . The fr r . r . e l s , a f t e r o a r e f r l drainage, were 
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covered with a moist f i l t e r paper ar.d placed ir. ar a i r over at 
a teraperatrre of 100 to 110° 3. r r . t i l d ried completely. 
At the corapletlor. of the drying, the p r e c i p i t a t e was oare-
f r l l y removed from the f i l t e r to a peice of glazed paper ar.d covered 
with a watehglass to prevent l o s s ar.d eontaminatior.. Ir. the mean-
time the f i l t e r was r o l l e d into a small cone and womd abo-'-t the 
top w i t h a s n a i l p l a t i r r r a wire and i g n i t e d over a clear, and 
weighed c r r o i b l e and the f a i l e d ash i g n i t e d r n t i l a l l the carbon 
had been expelled. The cr-»-Glble was alloT'ed to cool ar.d two drops 
of n i t r i c a c i d and one drop of bydroohloric aoid were added to the 
ash ar.d heated very c a r t i o r s l y to avoid s p a t t e r i n g , r n t i l a l l 
the acids had been expelled. Ther. the mai n portion of the p r e c i p -
i t a t e v7as o a r e f r l l y brrsned I n t o the cooled c r r o i b l e ar.d moistened 
with two drops of n i t r i c and one of hydrochloric aoid ar.d again 
heated r i n t l l the acids ?;ere expelled t.r.d the p r e o i p i t a t e became 
white, when the temperatrre vjas g r a d r a l l y r a i s e d r r . t i l the s i l v e r 
c h loride frSed. The c r r o i b l e ?/as ocoled ir. the desi c c a t o r ar.d 
weighed, a f t e r which was reheated and again weighed, a f t e r cooling 
r r . t i l a constant weight v a r y i n g not more thar. 0.0003 gram in two 
consecrti'.'e weighings. 
The f o l l o w i n g data ar.d c a l o r l a t l o n represent th® a n a l y s i s : -
Atomic weight of 01 35.46 
1! of l a ^ 23.00 
Molecrlar weight of IlaOl 50.45 
OlrliaOl ̂  30.46 58.46 y 1 
58.46X. = 35.46 
X = .606 or 60.6 ,r 
,'3 
01 i n 11 a o: !1 
Atomic weight of 31 = 35.45 
oT Hg 107.88 
Molecular v/eight of 
AgOl = 143.34 
.: 31 : Ag31 - 35.46 : 107.88 — x : 1 
107.88z - 35.46 
X - .247 or 24.7 31 i n AgOl, 
Weight of weighing b o t t l e and Ea01=r 18.7469 grams 
2na. 18.4387 
" l a 31 rsed 
Weight of e r r o i b l e ar.d AgGl 
alone 
" Ag31 
= 0.3082 " 
= 9.566 Grams 
^ 8.83 " 
0.736 " 
; Weight of 3l i n H a l l r s e d .a. .3082 x .606 -.1867692 grams 
" 31 i n Ag31 obtained .735 x ..247 ^ .101792 
Amorr.t of e r r o r as d e f i c i t 3 =^0.0049772 " 
or approximately 0.2 fo 
Oq 
A n a l y s i s of liTTiestone. 
Deterninntior. of Water, 
To determine the amOTr.t of i p o i s t r r e ir. the sample, which was 
r e p r e s e n t a t i v e of the e n t i r e portion because of pieces from 
v a r i o r s portions of the rook beir.g used, abort 25 grams were 
t r a n s f e r e d to a ?/©ighing b o t t l e with a gromd glass stopper 
and heated at a temperatrre of 105 J . for. i n t e r v a l s of one 
horr. At the end of each i n t e r v a l the trbe was cooled i n a 
desiccator and weighed r n t i l two concordant weights ir. two 
Gonseortive weighings were recorded and then the c a l c r l a t i o n 
f o r water content was comprted.:-
Weight of weighing trbe ar.d limestone = 56.6755 grams 
" " " ^ 31.54 
" limestone rsed = 24.5355 
Weight of liraestone and trbe before h e a t i n g ^ 56.8755 grams 
" " " " " " =56.80 
" " n o i s t r r e content = 0.0255 " 
.: U o i s t r r e i n sample 2.55 *• 24.5355- 0.103 fo 
Determination of the I n s o l r b l e Hatter and S i l i c a . 
Abort 5 grams of the powdered sample of limestone was weighed 
ort into a 250 cc. aaaserole and covered with a watehglass a f t e r 
adding 25 cc. of water and then 50 oo. of hydrochloric aoid ( s p . 
gr. 1.12) i n small portions. The s o l r t i o n was warmed gently r r . t i l 
no f r r t h e r signs of d i s s o l v i n g appeared and ther. evaporated to 
dryness or. the water bath. Tpon the addition of a m i x t r r e of 
5 CO. of water and 5 cc. of hydrochloric a c i d i t w;s again evapor-
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ated to dryness and f i n a l l y heated f o r at l e a s t one horr at a 
temperatrre of 120° 0. P o r r i n g over t h i s r e s i d r e abort 50 oo. 
of d i l r t e hydrochloric a c i d ar.d b o i l i n g for f i v e mir.rtes i t was 
then f i l t e r e d ar.d washed tv/ice with hydrochloric a c i d and then 
with hot water r r . t i l f r e e from c h l o r i d e s . A f t e r t r a n s f e r i r . g the 
f i l t e r and contents to a p l a t i m m c r r o i b l e i t was dried and i g -
n i t e d to a constant weight. The r e s i d r e represented the i n s o l r b l e 
matter and s i l i c a from the s o l r b l e s i l i c a t e s . The percentage was 
c a l c r l a t e d from the following data: 
»7eight of c r r o i b l e ar.d r e s i d r e - 8. 8500 grams 
" " alone 8.8063 
" " r e s i d r e ^ C.0537 
" f i l t e r ash " 0.0024 
" " i n s o l r b l e matter 0.0513 " 
.: I n s o l i i b l e matter i n the 5 grams rsed i s represented by 
5.13 5 ^ 1.026 lo 
Determination of F e r r i o Oxide and Alrmina. 
To the f i l t r a t e from p r e v i o r s determination was added 10 cc. 
of amrnonirm c h l o r i d e e o l r t i o r . and aramonirm hydroxide r r . t i l the 
s o l r t i o n smelled strongly of ammonia. Then, a f t e r the addition 
of 5 cc. of bromine water and b o i l i n g f o r f i v e mir.rtes more 
ammonirra hydroxide was added. A warming of th® s o l r t i o n r n t i l i t 
barely smelled of ammonia made i t ready for f i l t e r i r . g a f t e r stand-
ing f o r a few moments. The f i l t e r was washed tv/ioe with hot 
water ar.d then with 25 cc. of hot d i l r t e hydrochloric a c i d ar.d 
again with hot water f i v e times. To the f i l t r a t e amrnonirm hydrox-
ide and bromine water was again added ar.d the p r e o i p i t a t i o r . was 
OS") 
repeated. The p3:-eoipitate "beir.g the same as or the f i l t e r i s 
c o l l e c t e d or. the f i l t e r already r s e d , washed f r e e of c h l o r i d e . 
I g n i t e d and weighed. The r e s i d r e , c o n s i s t i n g of f e r r i c oxide, 
alrmina and manganic oxide rendered the f o l l o w i n g oalcrlation*. 
\7eight ox c r r c l h l e ar.d r e s i d r e 9 . 0 8 2 4 grams 
" " c r r o i b l e empty -= 9 . 0 7 1 8 " 
, " " r e s i d r e = 0 . 0 0 8 2 " 
.; The f e r r i o oxide and alrmina ir. the saijiple 
• 0 . 8 2 i . 5 . 0 2 - 0 , 1 6 3 , 
Determination of 3alolrm 
TQ the combined f i l t r a t e s from the provions detormination 
was added 5 cc, of amrnonirm hydroxide and then i t was t r a n s f e r r e d 
to a 500 00. graduated f l a s k and g r a d r a l l y d i l r t o d rp to 5 0 0 cc. 
e x a c t l y . One f i f t h of the s o l r t i o n was measrred o f f into a 4 0 0 cc. 
beaker a f t e r a thororgh mixing, the measrred s o l r t i o n was s r b -
seqrer.tly d i l r t e d to 2 5 0 cc. ¥;ith d i s t i l l e d water, heated to b o i l -
ing and amrnonirm oxalate s o l r t i o n was added ir. excess with v i g o i -
ors s t i r r i r . g . A f t e r b o i l i n g f o r two mir.rtes the p r e c i p i t a t e was 
allbwed to s e t t l e i n the s o l r t l o r . f o r a h a l f an horr and then 
decanted throrgh a f i l t e r . The f i l t r a t e was tested by the addition 
of a few C O . of the p r e c i p i t a n t to i n s r r e oomplets p r e c i p i t a t i o n 
ar.d allowing the mixti^re to stand f o r f i f t e e n mir.rtes ard a f t e r a 
non-appearance of a p r e c i p i t a t e of the former p r e c i p i t a t e on the 
f i l t e r was r e d i s s o l v e d with warm d i l r t e hydrochloric a c i d by r m -
ping i t throrgh the f i l t e r . The f i l t e r i n t r r n was washed f i v e 
t i n e s with water and f i n a l l y wi;t;h arTinoila and the s o l r t i o n d i -
l r t e d to 2 5 0 CO. and brorght to a b o l l at ."'hich poij|t 1 cc. of 
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amraor.irm oxalate was added, ther. amnor.ia Ir. s l i g h t exoess. A f t e r 
b o i l i n g for two minntes the s o l r t i o n was set aside f o r h a l f an 
horr and f i l t e r e d throrgh the f i r s t f i l t e r ar.d washed f r e e of 
c h l o r i d e s . The p r e c i p i t a t e wa* then ready fear i g n i t i o n , which was 
dona w i t h o r t p r e v i o r s drying and a f t e r the f i l t e r had brrned the 
f i l t r a t e was heated for t h r e e - f o r r t h s of an h c T in the hottest 
brr.ser. flame and f i n a l l y three mln-'-tes at the b l a s t lamp. Repeated 
the operation r n t i l a constant weight was obtained and from the 
r e s i d r e , c a l c i r m oxide, the percentage in o n e - f i f t h of the sample 
was c a l c r l a t e d v/ith the a i d of the follov/ing data: 
V/eight of c r r o i b l e and r e s i d r e = 9.624 grams 
" " " empty = 9.0818 " 
" " r e s i d r e of OaO - 0.5422 " 
3a : 3a0 - 40 : 56 - x : 0.5422 
55x - 21. 6860 
X -- 0.3872 grams 
.: The c a l c i r m i n sample 38.72 *- 1.01 -= 38.33 > 
Shorld be 40 i n prre l a X g 
Determination of Carbon D_ioxidB_. 
Abort f i v e graras of the o r i g i n a l sample of liraestone was 
weighed ort a c o r r a t e l y and covered ?/ith aboi-t 100 cc. of d i s -
t i l l e d , water i n a 500 cc. f l a s k f i t t e d , with a drop'^ing f m n e l 
and a d e l i v e r y trbe. S r l p h r r i o a c i d (concentrated) was poiTod into 
the dropping f m n e l and to the d e l i v e r y trbe were attached two 
more 500 cc. f l a s k s ir. a s e r i e s containing a strong s o l r t i o n of 
barirm c h l o r i d e which f o r the prrpose of absorbing the evelved 
carbon dioxide gas. Of c o r r s e , ir. order to accomplish t h i s the 
(20) 
i n l e t s of the wash "bottles were helow the s r r f s o e s of the "barii^m 
c h l o r i d e s o l r t i o n s . Every t i l i n g being ir, readiness and e s p e c i a l l y 
a i r t i g h t the s r l p h r r i o acid was poralttwd to drop very slowly 
into the m i x t r r e of water and powdered limestone, t a k i n g s p e c i a l 
care than no s r r p l r s gas escaped from the l a s t b o t t l e as a r o s r l t 
of too r a p i d e v o l r t i o n . A f t e r a l l the e f f e r v e s c e n t action of the 
a c i d ceased g i v i n g evidence of the complete e v o l r t i o n of the 
carbon dioxide of the aample water ?/as allowed to r m into the 
generating f l a s k f i l l i n g . A t to i t s capacity. Ther. each of the 
wash b o t t l e s was a g i t a t e d v i g o r o r s l y to a i d s o l r t i o n of the c a r -
bon dioxide and a f t e r abort f i f t e e n mir.rtes the wash b o t t l e s were 
opened ar.d b o i l i n g hot water introdroed bringing down a heavy pre-
c i p i t a t e of barirm carbonate (BaX^ ) , with the a i d of a l i t t l e 
ami'flotirm hydroxide. The contents of the two b o t t l e s were f i l t e r e d 
or. a l a r g e f i l t e r and a f t e r drainage the p r e c i p i t a t e was dissolved 
from the f i l t e r paper by p o r r i n g throrgh I t strong h y d r o c h l - r i c 
a c i d . To t h i s s o l r t i o n was added strong s r l p h r r i o a c i d T T . t i l the 
p r e c i p i t a t i o n of bjiriiim s r l p h a t e was complete. A f t e r considerable 
s t i r r i r . g the m i x t r r e was filtered/'and the p r e o i p i t a t e washed 
f r e e of c h l o r i d e s , d r i e d and i g n i t e d i n a c r r o i b l e to a constant 
weight. Hesrltimg weight of the barirm s r l p h a t e gave r i s e to the 
percentage of carbon dioxide present i n the stimple of limestone 
as noted by the f o l l o w i n g data: 
Weight of c r r c i b l e and barirm srlphate 20.4125 grams 
of II empty 9.0766 
tl barirgi s r l p h a t e obtained - 11.334 
3a30^ : BafX^ = 233 197 - 11.334 X 
233 X - 2231.798 
X 9 . 5 8 vrb. BaCi 10 3 
B a X g : " 197 : 44 - 9.58 : x 
197x -= 421.52 
X = 2.14 grams wt. ox 30.., 
d 
.: Peroertage of 30c; 214 - 5 = 42.8 >̂  
d 
From prro OaGO^ the percentage f o r 30^ i s 44. 
Determination of the To t a l Iron i n Haematite. 
The ore was grorr.d i n t o a very f i n e powder hy the i i s e of a 
s t e e l mortar and p e s t l e and ahort 1.5 grams of the sample was 
introdroed into a lor.g-neoked 500 cc. f l a s k with some strong 
hydrochloric a c i d ar.d heated r r t i l a l l the ore d i s s o l v e d , the 
f l a s k , however, being In an i r o l i r . e d p o s i t i o n so as to prevent 
the l o s s of m a t e r i a l by heavy s p a t t e r i n g of the v i s c i d l i q r i d . 
Ther. small portions of potassirm c h l o r a t e were added r n t i l the 
s o l r t i o n smelled s t r o n g l y of c h l o r i n e whererpon the heating was 
oontirrod r n t i l the l e a s t t r a c e of c h l o r i n e was no longer per-
c e p t i b l e . The s o l r t i o n was d i l r t e d to abort 250 oo. with d i s t i l l e d 
vmter and stoppered, with a c l o s e l y f i t t i n g rpibber stopper, contain-
ing a piece of gla s s t r h i n g abort ter. inches long and open at 
both ends. The b o i l i n g was cor.tinred ir. the o b l i q r e f o r abort 
f i f t e e n minirtes to i n e r r e thw complete ©xprlsior. of the c h l o r i n e 
gas. While the s o l r t i o n was o o n t i n r o r s l y b o i l i n g the cork was r e -
moved and a.piece of cl e a n , p r r e copper f o i l fastened to a p l a t i — 
nr# .'Wire was lowered slowly Into the s o l r t i o n a f t e r i t had become 
warm by erspending i t above the s o l r t i o n f o r a few mir.rtes, t h r s 
preventliBg the l i q r i d from s p i r i t i n g . Hhen f i n a l l y immersed the 
copper f o i l wag so arranged as to bo aiv/ays" .entirely below the 
srrf/tce of the l i q r i d and the f l a s k t i g h t l y stoppered, with the 
(pa) 
oor.tir.rorfi b o i l i n g going on a l l throrgh the v a r i o r s operations 
wit h o r t i n t e r r u p t i o n . The b o i l i n g was kept from being too v i o l e n t 
at a l l times and contir.red - i - n t i l the s o l r t i o n becauie c o l o r l e s s , 
showing the oonpletion of the redrotion which r e q r i r e d abovt one 
ar.d. three q r a r t / r horrs. 
A f t e r the completion of the redrctior. the cork v/as removed and 
the s t r i p withdrawn, while the s o l r t i o n was s t i l l b o i l i n g , and 
lowered i t i n t o a beaker of d i s t i l l e d water and then r i n s e d with 
f r e s h d i s t i l l e d v/ater and f i n a l l y dried between pieces of b l o t t i n g 
paper and -weighed irmaediately. The l o s s of weight represented the 
amorr.t of copper rsed ir. the redxiotion according to the eqration 
F e c p l l - 2 3r BPeOl,, Qv^^U. 
C O d C c 
Hence f o r every gram of copper dissolved there was a r e l a t i v e 
portion of iron present as noted by the f o l l o w i r g determination; 
V/eight of copper s t r i p before immersion ^ 6.505 grams 
" " " " a f t e r " ^ 5.416 " _ 
" " copper di s s o l v e d . = 1.089 " 
Copper : Iron = 63 :. 56 - l.©89 : x 
63x = 60.984 
X = 0.968 graias - w t . of Fe 
Percentage of iron i n the 1.5 grams 96.8 - 1.5 64.53 v 
I n p r r a Peo,0„ FeoO.- : Fe.^ =160 : 112 =-1 : 0.7 or 
CO CO c 




As w i l l be seer, from the preceding determinations q r a n t i t a -
t i v e a n a l y s i s ar.d a s p e c i a l l y g r a v i m e t r i c a n a l y s i s enables one 
to deterraina the exact corapositior. of the earth's v a r i o r s con-
s t i t r e n t s as w e l l as the prodrcts of i r . d r s t r y . S i m i l a r ar.alyses 
form the very forndation of o o r r t l e s s i n d r s t r i e s of the v^orld 
which depend on chemical a n a l y s i s f o r t h e i r s r c c e s s or f a i l r r e 
ar.d as a r e s r l t of i t s priiae iinp.ortar.ce to i n d r e t r y v a r i o r s 
schemes of c h a r t s ar.d t a b l e s have been o a r e f r l l y comprted f o r 
convenience i n a n a l y s i s ar.d conseqrently to-day most a n a l y t i c 
work becomes r o r t i n e and only the research chemist has the new 
method to discover and plaoe in r s e . I r general, chemical a n a l -
y s i s i s at the very b a s i s of orr everyday l i f e ir. sorne form or 
other. 
The Sr.a. 
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